empirical, conceptual, and physical models [10] . Some of the shortcomings of these methods include requiring a lot of data that are scarce in the databases of developing countries, or they are limited to the areas for which the methods have been developed [11] .
The aim of this paper was to rank the sub-watersheds according to their vulnerability to erosion using three factors (slope gradient, land use, and soil types) applying the methods of multi-criteria decision analysis (MCDA): analytic hierarchy process (AHP) and technique for order preference by similarity to ideal solution (TOPSIS). The AHP method is proven as effective in solving complex decision problems such as risk of soil erosion [12, 13] . The result of the application of these methods can be used to identify sub-watersheds recognized as a priority area for conservation actions.
Materials and Methods

Study Area
The selected study area is the Topčiderska River Watershed located in the northern part of Serbia (Fig. 1 ). This region, covering an area about 147 km 2 is characterized by the presence of many tributaries. Erosion processes in the 20 sub-watersheds registered in this area cause great damage such as soil and water losses, flooding, waterlogging, and siltation of accumulation and melioration systems. Therefore, it is significant to decide which sub-watershed presents the priority area for conservation to reduce the intensity of erosion processes.
Identification of the Factors For Soil Erosion
Vulnerability Assessment
For 20 registered tributaries, using topographic maps of 1:25,000 and 1:50,000 scale and orthophoto images of 1:5 000 scale the mean sub-watershed slope, soil types, and land use/cover are determined. Since these factors represent one of the core causes of erosion processes, they were taken as the criteria for predicting soil erosion vulnerability (Table 1) . Six classes of land use/cover are registered in the watershed area: arable land, meadows, urbanized area, forests, degraded forests, reservoirs, and industrial area (Fig. 2a) . There are eight soil types in the watershed area of the Topčiderska River: luvisol, cuntanic cambisol (eutric), eutric cambisol, colluvial deposit, luvic chernozem, vertisol, fluvisol, and lithic leptosol (Fig. 2b) . Susceptibility of these soil types to erosion, denoted as a K factor (Fig. 3) , based on soil texture (content of silt, sand, and clay fraction) and organic carbon content in the surface soil layers (0-30 cm) is estimated using the equation given in the EPIC model [14] . The third parameter used for assessing the vulnerability to erosion was a topographic parameter -mean watershed slope and its values are displayed in Table 1 .
AHP Method
The AHP method, developed by the mathematician Thomas L. Saaty, was used to rank the vulnerability of subwatersheds because it is characterized by fine mathematical properties and requires input data that are easily obtained [15] . This method is a robust and flexible decision-making tool that is used for finding solutions of complex multi-cri-teria problems such as a determining the priority of conservation practices [16] [17] [18] , landslide susceptibility mapping [19] , or soil erosion risk assessment [2, 12, 13] .
The AHP method consists of four steps: (1) Structure the problem into a hierarchy having different levels, i.e., goal, criteria, sub-criteria, and alternatives (2) Make pair-wise comparison matrices A=[a ij ]n×n, where n is matrix size and a ij ≥0 a ij ×a ji =1, a ij -importance of the ith decision factors over the jth decision factors (3) Calculate the relative weights (priorities) of decision factors using prioritization method, e.g. eigenvalue (EV) method [20] (4) Make synthesis of the priorities. All matrices must satisfy consistency test, i.e., judgment matrices are accepted if consistency ratio (CR) obtained using consistency index (CI) and random index (RI) is less than 0.10.
TOPSIS Method
Besides the AHP method, the TOPSIS method developed by Hwang and Yoon in 1981 is used to test the robustness of the results. Behzadian et al. [21] give a literature survey of TOPSIS method applications. The basic idea of the TOPSIS method is a comparison of alternatives based on aggregates of two types of information: the distance from the positive and negative ideal solution [22] . The procedure of the TOPSIS method consists of five steps [23, 24] :
where r ij (i=1, 2, ..., m) is the normalized value for benefit or for cost criteria (2) Construct the weighted normalized decision matrix, where the weighted normalized value v ij is obtained as 
Results and Discussion
We started with AHP procedure and the first step was to determine the overall goal of the decision process. The problem is determined as a selection of the most vulnerable sub-watersheds to soil erosion based on influencing factors: slope, land use, and soil type. These criteria (factors) are decomposed into sub-criteria (six land use classes and eight soil types). For all decision factors, judgment matrices are formed. Elements on the same level are pair-wise compared by experts (soil and water conservation specialist). All criteria and sub-criteria are pair-wise compared using a 1-9 scale (1 -equally important, 3 -moderately more important, 5 -strongly more important, 7 -very strong more important, 9 -extremely more important, and 2, 4, 6, and 8 intermediately more important). The EV method is used to established priorities (weights) of decision elements [25] . Pairwise comparisons for criteria are completely consistent (the largest eigenvalue λ max = n =3) and weights for criteria land use, soil type, and slope are, respectively: 0.7142, 0.1429, and 0.1429. The results of the pair-wise comparisons of criteria and sub-criteria are summarized in Tables 2 and 3 . Alternatives are pair-wised compared using numerical value of slope, LU (land use) factor, and ST (soil type) factor. These factors given in Table 1 are calculated using subcriteria weights (Table 3) and their percentage presence in sub-watershed (Fig. 2) : ∑(w sub ·A sub ). All the matrices satisfy the consistency test, i.e. consistency ratio CR≤0.10. The final result of this process was ranking of the 20 sub-watersheds using vulnerability index ER, which is obtained by multiplying the criteria weights (w i ) and alternative weights (d i ) (Table 4) , thus ER=∑(w LU ·d LU +w ST ·d ST +w S ·d S ) ( Table 4 ). The higher value of ER indicates increased vulnerability to erosion.
A ranking of sub-watershed is then determined using the TOPSIS method, whose procedure starts using the weights obtained by the AHP method (Table 4) . Decision matrices X=(X ij ) m×n are formed where x ij is the score of alternative i with respect to criteria j calculated by the AHP method. In the next step decision matrices are normalized, and weighted normalization matrices are constructed in order to determine PIS and NIS (Table 5) . These values are used to calculate relative clossenes to the ideal solution (C j + ) based on which sub-watersheds are ranked ( Table 6 ).
The stability of the final ranking of the alternatives highly depends on the weights given to the main criteria. To check the stability of the results a sensitivity analysis is performed. Three scenarios are considered:
Scenario 1: Criteria land use has a strong dominance over both slope gradient and soil type (w LU = 0.7143; w ST = w S = 0.1429).
Scenario 2: All criteria have the same weighs (w LU = w ST = w S = 0.3333).
Scenario 3: Land use criteria has a moderate importance respect to the slope criteria and strong importance respect to criteria -soil types (w LU =0.6334; w ST =0.1062, w S =0.2605).
According to Scenario 1, the AHP method ranks SW17, SW4, SW6, SW18, and SW9 as the most vulnerable subwatersheds to soil erosion, while the TOPSIS method ranks sub-watersheds as follows: SW18, SW17, SW4, SW3, and SW16. Comparison of the ranking from AHP and TOPSIS method for all three scenarios is shown in Fig. 4 . The Spearman coefficient of correlation calculated, and results show a strong correlation between the ranking based on AHP method and ranking based on TOPSIS method: 0.7323 (Scenario 1), 0.7038 (Scenario 2), and 0.7293 (Scenario 3).
Applying this method we found out that the sub-watersheds that have priority for conservation (SW17, SW18, SW6, SW4, and SW9) are characterized by the significant presence of arable land (more than 50%) and very steep slope (more than 25%). This finding coincides with the results of Zhang X. et al. [5] and Nigel R. and Rughooputh S. [8] .
Conclusion
In this study the sub-watersheds were ranked according to erosion vulnerability due to existing land use, soil types, (their texture and carbon content) and mean sub-watershed slope by using the AHP and TOPSIS methods. The applied methods provided similar scores. Both methods rank SW17, SW18, SW6, SW4, and SW9 as the most vulnerable areas that have priority for conservation. Sensitivity analysis, which has been performed, gives information about the stability of the alternative ranking. The example displayed based on available information and expert knowledge, one may determine the most vulnerable areas in the watershed. Identification and prioritization of these areas is an important tool for natural resource management planning because it allows researchers to implement conservation strategies more rationally and sustainably in the longterm. Identification and selection of works and measures, whose implementation is necessary in the most vulnerable areas by using the multiple-criteria decision-making methods, is an issue to be addressed in future research. 
